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The continuing aerodynamic-research e f f o r t  aimed a t  improving the design of supersonic- 
cruise  vehicles  has recent ly  produced some s ign i f i can t  results. Research by both government 
and industry has provided, i n  addi t ion t o  a b e t t e r  understanding of the design problem 
itself, some new and very useful  design too l s  and concepts. Some of the advantages of 
these methods i n  the treatment of wave drag and drag due t o  l i f t  are b r i e f l y  discussed. 
Also presented are some new considerations of aerodynamic interference and i t s  e f f e c t  on 
the aerodynamic e f f i c i ency  of the trimmed vehicle. A n  i l l u s t r a t i v e  example of the appl i -  
ca t ion  of these design t o o l s  and concepts t o  the aerodynamic design of a supersonic- 
c ru i se  vehicle  (SCAT 15-F) i s  made. A p a r a l l e l  analyt ic  and experimental buildup of the 
vehicle is  presented including treatment of t he  symmetric (f lat  camber-plane) , the warped, 
and the warped-and-reflexed versions of the configuration. The p o t e n t i a l  of the new 
techniques i s  demonstrated by the good agreement between experiment and theory and by 
the high l e v e l  of vehicle performance. 
INTRODUCTION 
A bas i c  a i m  of aerodynamic research i s  t o  provide the design aerodynamicist with 
r a t iona l ,  rapid,  and r e l i a b l e  means f o r  evaluating the aerodynamics of a given aero- 
dynamic shape and t o  enable him t o  quickly assess the  cost  i n  aerodynamic e f f i c i ency  
of proposed changes i n  vehicle  shape brought about by other considerations.  A short  
r eac t ion  t i m e  f o r  the aerodynamicist w i l l  permit him t o  p a r t i c i p a t e  more e f f ec t ive ly  
a t  the  vehicle  concept stage and thus provide for a much more comprehensive design 
process.  In t ens ive  e f f o r t  by both government and industry has therefore  been devoted 
L-4747 
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t o  the  implementation of ex i s t ing  theory with new ana ly t i ca l  and numerical methods such 
t h a t  t he  high-speed computer might provide ca lcu la t ive  r e s u l t s  heretofore r e s t r i c t e d  t o  
c e r t a i n  r e l a t ive ly  simple shapes. Some s ign i f i can t  contr ibut ions t o  t h i s  end have recent ly  
been made. These with other  new considerations of the aerodynamics of the  supersonic 
vehicle  w i l l  be discussed. 
DISCUSSION 
Ze ro - l i f t  wave drag.-  One of the  most useful  developments has been the appl ica t ion  
of the high-speed computer t o  the problem of rap id ly  determining the z e r o - l i f t  wave drags 
of highly complex shapes. Earlier e f f o r t s  had depended upon graphical  o r  semigraphical 
schemes for  generation of the geometry of the many equivalent bodies and u t i l i zed ,  with 
e r r a t i c  resu l t s ,  a Fourier series representat ion of the  slopes of a reas  of these bodies 
i n  the drag ca lcu la t ions .  More recent  schemes accomplish the geometric exercise  with 
the computer using a mathematical model of the  a i r c r a f t  as shown i n  f igure  1 and determine 
the drag of t he  equivalent bodies as represented by leas t -drag  paths  through the computed 
cross-section areas .  The r e s u l t  i s  a s ign i f i can t  advancement i n  both speed and accuracy. 
The right-hand port ion of the  f igure  shows the  agreement between ca lcu la ted  and experi-  
mental values i n  the  Mach number range from 1 . 4  t o  3.2 f o r  very complex, complete config- 
ura t ions  designed f o r  supersonic cruise ,  varying from f ighter - type  vehicles  on the  upper 
r i g h t  t o  bomber and t ranspor t  types on the  l e f t .  Except f o r  the  th ree  high poin ts ,  a l l  
of which may have r e su l t ed  from boundary-layer separation, the  agreement i s  genera l ly  
good. Such computer programs ce r t a in ly  represent  a powerful a i d  t o  the  design 
aerodynamicist. 
Design of the supersonic wing.- Another important appl ica t ion  of the high-speed 
computer t o  supersonic aerodynamics has removed two r a t h e r  severe l imi t a t ions  t o  SUPerSOniC 
wing design. The most obvious r e s t r i c t i o n  el iminated involved wing planform; where once only 
simple planforms could be r ead i ly  handled, e s s e n t i a l i y  
t r ea t ed  (see references 1 and 2 ) .  
a r b i t r a r y  planforms may now be 
The other  l i m i t a t i o n  w a s  the  "inverse" problem -- 
t ha form and wing warp, f i nd  the  load d i s t r ibu t ion .  The a b i l i t y  
t o  , given the  planform and the design l i f t  
2 -  
coeff ic ient ,  had long since been possible f o r  simple planforms. This l a s t  l imi t a t ion  had 
l ed  t o  some confusion. Since the theory as applied t o  the common arrow wing, f o r  example, 
ca l l ed  f o r  extreme slopes of the root  chord, as seen i n  f igure 2, and since these slopes 
I 
could never be f a i t h f u l l y  represented experimentally f o r  obvious reasons, no r e a l  check 
of the theory, as applied t o  warped wings, could be made. The difference between the 
theo re t i ca l  and r e a l  wings l a y  within a small region of the planform near the plane of 
symmetry and w a s  r a the r  generally thought t o  be of l i t t l e  consequence. The drag polars  
on the l e f t  i n  the figure show t y p i c a l  lack of agreement between experiment f o r  the r e a l  
wing and theory f o r  the theo re t i ca l  wing. I n  contrast  (but  not shown here) experiment 
and theory generally showed good agreement f o r  the f l a t  wing. 
and lower-bound polars  are shown here f o r  reference. It should be noted t h a t  the lower 
bound curve represents the envelope of polars  f o r  a family of wings each having optimum 
w a r p  f o r  a d i f f e ren t  lift coe f f i c i en t .  
however, the new computer program has enabled, f o r  the f i r s t  Liuc, ths c z z p r i s n n  r?f the 
t h e o r e t i c a l  and experimental values f o r  the r e a l  wing as shown on the r i g h t .  Thus i t  i s  
seen that the previous d i s p a r i t i e s  were not because the theory had f a i l e d  t o  represent the 
real f low,  but  r a t h e r  because we had been f a i l i n g  t o  represent the shapes prescribed by 
theory. 
The theo re t i ca l  f lat-wing 
With the removal of the "inverse" r e s t r i c t i o n ,  
Thus it i s  seen t h a t  not only may we compute the loading of a complex wing shape 
a t  on-design and off-design conditions, but t ha t ,  f o r  reasonable degrees of camber-plane 
w a r p ,  the  l i n e a r  theory on which the  computer programs a re  based may be expected t o  y i e l d  
r e l i a b l e  results. 
Ef fec t s  of wing warp.- There a re  two cha rac t e r i s t i c s  of the warped or twisted and 
Generally the warped cambered w i n g s  which are important t o  the design aerodynamicist. 
wing provides an increment i n  m a x i m u m  l i f t - d r a g  r a t i o  due t o  improved l i f t i n g  eff ic iency,  
- dCD , and a pos i t i ve  pitching-moment at Zero lift (Cmo). This i s  p a r t i c u l a r l y  applicable 
dCL2 
i n  the  case of t he  wing with subsonic leading fdges. 
of d e s i g n - l i f t  coe f f i c i en t  (or degree of wing warp) a s  shown i n  f igu re  3. 
extreme wing des ign - l i f t  coeff ic ients ,  the theory i s  unable t o  f a i t h f u l l y  represent the 
real f l o w  over the highly d i s t o r t e d  wing surfaces. Note a l s o  t h a t  the 
King and the,  C L ~ ~ ~ ~ ~  = .16 wing are superior i n  both respects  t o  the 
These cha rac t e r i s t i c s  a r e  a function 
Note tha t ,  a t  
C L ~ ~ ~ ~ ~ ~  = .08 
'Liiesign 
* 
= 0 or  
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f la t  wing. These data are from reference 3.  
the m a x i m u m  trimmed l i f t - d r a g  r a t i o ,  the important airframe f l igh t -e f f ic iency  parameter 
a t  any given Mach number and s t a b i l i t y  margin. 
p lo t ted  as a function of s t a b i l i t y  margin f o r  wing-body combinations which, except t h a t  
one has a f l a t  and the other  a warped wing camber plane, are otherwise ident ica l .  
important thing t o  note here i s  not s o  much the difference between the maximum l i f t - d r a g  
r a t i o  (between poin ts  A and B) as seen i n  the previous f igure,  but  the difference,  due 
t o  the pitching moment increment, i n  maximum trimmed l i f t - d r a g  r a t i o s  a t  some reasonable 
l e v e l  of posi t ive s t a b i l i t y  (between points  A and C ) .  
Figure 4 shows what t h i s  means i n  ter& of 
T 
Here, maximum trimmed l i f t - d r a g  r a t i o  i s  
The 
This w i l l  be noted again later. 
Supersonic aerodynamic interference.-  It i s  c e r t a i n  t h a t  the designer of the 
e f f i c i e n t  supersonic-cruise vehicle  cannot s e t t l e  f o r  the thin-element or zero-interference 
case; the configuration must f i t  together i n  such a way t h a t  the drag of the aggregate 
i s  subs tan t ia l ly  less than t h a t  of the i s o l a t e d  components. Put another way; the avoid- 
ance of adverse interference w i l l  not be good enough. Because it i s  not known t o  be 
adequately t r e a t e d  elsewhere, much of the remainder of t h i s  paper w i l l  deal with t h i s  
subject.  ?"ne absence of systematic data requires  a q u a l i t a t i v e  treatment using simple, 
ra ther  obvious examples. The next s e r i e s  of f igures  then w i l l  be concerned with i n t e r -  
ference between components consis t ing of a double-wedge-section wing semispan and 
several  cones which nrlght be considered equivalent-body representat ions of engine 
nacel les .  
Figure 5 represents  the no-interference case -- disturbances produced by any 
component are not f e l t  by any other  component. Representative v a r i a t i o n s  of pi tching-  
moment and drag coef f ic ien ts  with l i f t  coef f ic ien t  and of maximum trimmed l i f t - d r a g  
r a t i o  with longi tudinal  s t a b i l i t y  a re  shown i n  the  lower por t ion  of the  f igure.  
f igure  6 the components are arranged s o  t h a t  the compressions from the cones f a l l  upon 
In 
the receding slopes of the wing and the expansions from the wing impinge upon the 
advancing portions of the  cones. 
This favorable drag in te r fe rence  i s  re f lec ted  i n  the drag polars a t  bottom l e f t  where 
Here the components are helping one another along. 
the curves from the previous no-interference case are represented by the dashed l i n e s  
and ' the  present case with the s o l i d  l i n e s .  me compressions from the  cones a l s o  impose 
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an interference l i f t  along the af t  portions of the wing s o  t h a t  a nose-down or negative 
Pitching-moment increment i s  Present as shown i n  the curves a t  lower l e f t .  
the l i m i t  and neglecting viscous forces, the arrangement of components shown i n  t h i s  f igure 
might be represented by the wing with the attached wedge as shown i n  the sketch a t  r i g h t  
and t h a t  this i s  a trailing-edge-down condition. 
occurs i n  the unstable region and considerable control def lect ion might be required f o r  
trimmed f l i g h t  a t  pos i t i ve  s t a b i l i t y .  
controls,  it i s  very possible  that t h i s  favorable-interference case might be less e f f i -  
c i e n t  a t  reasonable s t a b i l i t y  l e v e l s  than the zero-interference arrangement as i s  shown 
on the lower r i g h t .  
r e f l e x  has been employed. 
broken l i n e s  and a re  compared with the s o l i d  l i n e s  of the present case i n  the lower p a r t  
of the f igure.  First, however, the configuration sketch should be examined. Note t h a t  
the a i r f o i l  i s  no longer symmetric -- that ,  as noted previously, the a i r r o i l  has been 
reflexed, providing a s teeper  lower-surface slope which f a c i l i t a t e s  drag cancellation, 
between the  lower surface and the  cones, and t h a t  the wing upper-surface slope i s  reduced, 
lowering i t s  pressure drag. Again note the sketch of the approximately-equivalent config- 
u ra t ion  on the r i g h t .  Note tha t ,  with the wing reflexed and the cones represented by the 
at tached wedge, the result i s  a symet r i c ,  slab-trail ing-edge wing which has a s t i l l  lower 
drag than the previous or trail ing-edge-dam arrangement and a pitching-moment curve such 
as t h a t  of the o r ig ina l ,  no-interference case. 
reflexed approaches the  case of an unreflexed, transparent wing i n  which perturbations 
from an in t e r f e rence  source on one s ide  of the wing a re  able  t o  pass f r e e l y  through the 
wing, e f f e c t i n g  pressures on both upper and lower surfaces.  This, incidental ly ,  i s  the 
way the  wave-drag computer program sees it and i s  why the combination of a ref lexed wing 
and i t s  in t e r f e rence  body may be adequately represented t o  the computer by the geometry 
of t he  unreflexed wing and the interference body. 
wing reflex which i s  designed t o  accommodate an interference body i n  the presence of an 
"optimum" wing can cancel the lift interference due t o  t h a t  body, preserving the l i f t  
d i s t r i b u t i o n  o r i g i n a l l y  designed i n t o  the unreflexed wing. 
Note tha t ,  i n  
Thus maximum trimmed lift-drag r a t i o  
I n  fact, depending on the type of longi tudinal  
Figure 7 represents a favorable-interference case i n  which wing 
The cha rac t e r i s t i c s  of the two previous cases are shown as 
Of i n t e r e s t  i s  the f a c t  t h a t  a wing thus 
It is a l s o  i n t e r e s t i n g  t o  note t h a t  
I n  any event, r e f e r r ing  t o  
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the  lower r igh t  i n  f igure 7, the s l i g h t l y  lower drag and the cancel la t ion of the adverse 
pitching-moment interference provide t h a t  the m a x i m u m  trimmed l i f t - d r a g  r a t i o  of the * 
arrangement with favorable in te r fe rence  and wing r e f l ex  can be subs t an t i a l ly  superior  t o  
the other  two a t  reasonable l eve l s  of s t a b j l i t y .  
Figure 8 provides a review of the previous discussion of interference and r e l a t e s  it 
t o  the e a r l i e r  consideration of wing warp. Progress i n  the use of in te r fe rence  can be 
t raced  from zero-interference,  through favorable interference,  t o  favorable interference 
with wing ref lex.  
a pos i t ive  increment i n  pi tching moment as shown here, appl ica t ion  of the favorable i n t e r -  
e rence  w i t h  wing r e f l ex  t o  the warped wing can provide, a t  reasonable s t a b i l i t y  margins, 
a very large gain i n  m a x i m u m  trimmed l i f t - d r a g  r a t i o .  Thus it  i s  seen t h a t  favorable 
interference can provide improvements i n  m a x i m u m  l i f t - d r a g  r a t i o  while producing decre- 
ments i n  our airframe f l i gh t - e f f i c i ency  parameter a t  normal s t a b i l i t y  leve ls ,  but  t h a t  
w i t h  proper appl ica t ion  ( including wing re f lex)  subs t an t i a l  overa l l  bene f i t s  can be 
rea l ized .  
Recalling now t h a t  the warped wing can provide lower drag a t  lift and 
The ac tua l  appl ica t ion  of wing r e f l ex  i n  order t o  accommodate nacel le  in te r fe rence  
might be as shown i n  f igure  9. The regions of inf luence of the nacel les  depend pr imari ly  
on Mach number and l i f t  Coeff ic ient  and may be s a t i s f a c t o r i l y  defined using nace l le  
geometry or nace l le  equivalent-body geometry and a number of ca lcu la t ive  methods including 
the method of cha rac t e r i s t i c s ,  Whitham's modified l i n e a r  theory, or  the  cone tab les .  The 
interference pressures  may be ca lcu la ted  s a t i s f a c t o r i l y  using e i t h e r  of these theor ies ,  
or an imperical scheme accounting f o r  t he  t o t a l  in te r fe rence  l i f t  might be used. Cal- 
culat ion of the slope changes necessary t o  r e l i eve  the  wing of the  in te r fe rence  pressures ,  
where these pressures a r e  provided i n  d e t a i l ,  w i l l  oftentimes r e s u l t  i n  s teep  l o c a l  slopes 
which, even i f  the theory pe r fec t ly  matches the  re-1 flows, w i l l  operate co r rec t ly  a t  the 
one design Mach number and l i f t  coe f f i c i en t .  A r e f l e x  shape f a l l i n g  somewhere between 
t h i s  theore t ica l  one and one which r e s u l t s  from a l i n e a r  r e f l ex  designed t o  cancel the  
t o t a l ,  not the loca l ,  in te r fe rence  load  w i l l  probably be sa t i s f ac to ry .  A t y p i c a l  Section 
through the ref lexed region of the wing might be as shown a t  the bottom of the f igure .  
' 
Effects  of sidewash.- Another e f f e c t  of the i n s t a l l a t i o n  on tne wing of bodies such as 
nacel les  or s tores  or of s t r u t s ,  fences or f ins ,  i s  shown i n  f igure  10. The bodies a re  
shown with "toe-iri" out of consideration of the sidewash beneath the l i f t i n g  wing a t  design 
condition. The high drag increment a t  the nega t ive- l i f t  condition comes from the r a t h e r  
extreme misalignment of the bodies, thus oriented, with the underwing sidewash. A t  some 
pos i t ive  l i f t  coef f ic ien t ,  they become e s s e n t i a l l y  aligned with the flow and a t  s l i g h t l y  
higher values, some t h r u s t  component of the body side-force might be generated. A very 
simple analysis ,  which negleczs body volume e f f e c t s  and the interference of the pressure 
f i e l d s  associated with the body-sidewash misalignment, would have the body be set  a t  ha l f  
the l o c a l  sidewash angle. I n  any event, it should be remembered, p a r t i c u l a r l y  when exam- 
in ing  the drag polar  of a complex configuration, that ,  as lif-c coef f ic ien t  i s  changed, 
dramatic changes i n  the drag increment due t o  nacelle, stores,  f i n s ,  and the l i ke ,  can 
occur. These e f f e c t s  should not be confused with those of the interference previously 
discussed. 
Sample appl icat ion.-  Figure 11 shows an a i r c r a f t  configuration which was designed, 
using the  several  previously discussed too ls  and concepts, with a view t o  focusing 
a t t e n t i o n  on these developments. The configuration, SCAT l5-F, nominally represents a 
long-range supersonic t ranspor t  vehicle having a cruise  Mach number near 2.7. 
generation of the  configuration, c e r t a i n  fundamental points ,  i n  accordance with the fore-  
going discussions,  seemed apparent. I t  appeared tha t  the wing-fuselage-nacelles combina- 
t i o n  should be self-trimming and t h a t  the drag due t o  l i f t  should be lower than the f l a t  
p l a t e  value ( these  points ,  of course, are  i n t e r r e l a t e d ) .  
configurat ion should go together so a s  t o  provide, as previously noted, f o r  m a x i m u m  
b e n e f i c i a l  interference:  and, more fundamentally, those components should e i t h e r  l i f t  
or t h r u s t  or be, if not a l toge ther  eliminated, at  least minimized. These considerations 
tended t o  l e a d  t o  a configuration having a largely subsonic leading edge and some t r a i l i n g  
edge notch -- t h e  l a t te r  s o  as t o  reduce the low-grade l i f t i n g  surface f a l l i n g  i n  the 
downwash of t h e  remainder of the wing. Al so ,  such requirements tend t o  lead t o  a warped 
Wing so as t o  provide the least  drag i n  t r i m e d  f l i g h t  a t  the design point .  The i n t e r -  
ference considerat ions v i r t u a l l y  d ic ta ted  that the engine nacel les  be located beneath 
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I n  the  
Further; the  components of the 
and rearward on the wing. The minimization of non l i f t i n g  or non-thrust ing surfaces  
eliminated the  separate  horizontal  t a i l  and provided t h a t  the v e r t i c a l  f i n s  be placed 
outboard, as shown, i n  a region of high effect iveness .  Thus the bas ic  concept w a s  s e t .  
It remained t o  ana ly t i ca l ly  exercise  the concept so as t o  e s t ab l i sh  the  t rade  s e n s i t i v i t i e s  
necessary t o  optimizing Lhe aerodynamic shape. 
While the shaping of the  configuration with the  use of the  aforementioned ana ly t ic  
t oo l s  and concepts w a s  general ly  r a the r  straightforward, one pa r t i cu la r  consideration i n  
the process which has not been previously mentioned i s  worthy of note,  This has t o  do 
with in tegra t ion  of the  wing-fuselage combination and involves the el iminat ion of fuselage 
forebody l i f t  and the consequent viscous cross-flow on t h a t  forebody a t  des ign - l i f t  con- 
d i t ions .  Such cross-flow tends t o  g+eat ly  exceed the  design values of l oca l  upwash a t  the  
wing-root leading-edge; a matter of grea t  importance since the l i f t i n g  e f f ic iency  of the  
wing i s  c r i t i c a l l y  dependent, f o r  the establishment and spanwise growth of the  proper up- 
wash along the  wing leading edge, upon achieving cor rec t  upwash a t  the wing root .  This 
being the case, the  wing planform considered when ca lcu la t ing  the optimum wing warp had 
t o  have a blunted apex (s ince  we have sa id  t h a t  the  forebody which contains the  bas ic  
arrow-shaped apex may car ry  no l i f t  and, hence, should be neglected) .  The ac tua l  apex 
se lec ted  was parabol ic  with the required forebody droop i n i t i a t i n g  a t  i t s  or ig in .  
Once the configuration geometry w a s  defined, t h ree  wind-tunnel models were constructed.  
One of these, of course, represented the  complete configurat ion with a warped and ref lexed 
wing, engine nacel les  and v e r t i c a l  t a i l s .  The other  two were designed t o  provide, with 
the  f i r s t ,  a complete, s t ep  by s tep,  experimental buildup as set  f o r t h  i n  the  foregoing 
discussions.  They were, therefore ,  a wing-body configurat ion having a f la t  camber plane 
and a wing-body combination with wing warp i d e n t i c a l  t o  the  complete configurat ion except 
t h a t  no wing r e f l ex  was employed. The r e s u l t s  of t he  ana ly t i c  and experimental t es t s  are 
shown i n  f igure 12. N o  pitching-moment da ta  are shown here, the  important Comparison i n  
t h i s  regard having been shown i n  f igure  4 which contained da ta  from the  tests from which 
these data  are  taken and which demonstrated t h e  s ign i f i can t  bene f i t s  of wing warp. This 
f igure t races ,  i n  terms of l i f t - d r a g  polars ,  t he  evolut ion of t he  configurat ion through 
the  f la t  wing-body combination, the  warped wing-body combination, t he  warped wing-body 
- a -  
configuration with v e r t i c a l  tails, t o  the complete configuration with i t s  reflexed, warped 
King. The reference drag polar  i s  t h a t  of the warped wing-body combination which represents  
e s s e n t i a l l y  the best  t h a t  can be done with the configuration without nace l les  and v e r t i c a l  
tails. I n  the  comparison on the  l e f t  the  warped wing i s  seen t o  be superior,  as  expected, 
t o  the  f la t  wing, although, a s  noted previously, the most s ign i f i can t  bene f i t  of the wing 
warp is  seen i n  trimmed l i f t - d r a g  r a t i o  (figure 4).  I n  the  middle f igure,  the addi t ion 
of the  v e r t i c a l  tai ls  i s  seen t o  produce very l i t t l e ,  i f  any, drag penalty a t  l i f t  as would 
be indicated by e a r l i e r  discussion. I n  the  right-hand f igure,  t he  addi t ion of the v e r t i c a l  
surfaces  and the  four  engine nacel les  with wing r e f l ex  i s  seen t o  produce a considerable 
drag decrement near zero l i f t  which diminishes as l i f t  increases .  It i s  in t e re s t ing  t o  
note tha t ,  i n  addi t ion t o  the  trimming advantages noted e a r l i e r ,  the  drag of the complete 
configuration with a l l  i t s  components i s  l e s s  than t h a t  of the  flat-wing-body combination 
alone a t  and above cru ise  l i f t .  The agreement between theory and experiment f o r  the  com- 
p l e t e  configuration i s  not as good as t h a t  of the others  due i n  pa r t ,  no doubt, t o  the 
f a c t  t h a t  the theory, although it accounts f o r  the drag due t o  sidewash of the nacel les  
and. t a i l s  themselves, does not  account f o r  the  d i s to r t ion  of the l i f t  d i s t r ibu t ion  caused 
by the  pressure f i e l d s  associated with the  l a t e r a l  loads on these components. The overal l  
agreement between experiment and theory, however, i s  very good, which, when coupled with 
the  f a c t  t h a t  very high l i f t - d r a g  r a t i o s  were at ta ined,  a t t e s t s  t o  the usefulness and 
soundness of the  ana ly t i c  processes and concepts used. 
I n  summary, some very useful,  well  implemented ana ly t i c  processes have been developed 
which promise t o  g rea t ly  improve the  speed and r e l i a b i l i t y  with which the  supersonic aero- 
dynamics of a configuration may be evaluated. 
t i o n  with proper treatment of component interference should lead  t o  subs tan t ia l  improvements 
i n  the  performance of supersonic-cruise vehicles.  
Application of these processes i n  conjunc- 
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REFEEENCES 
1. Middleton, Wilbur D., and Carlson, Harry W . :  A Numerical Method f o r  Calculating 
the Flat-Plate  Pressure Distr ibut ions on Supersonic Wings of Arbi t rary Planform. 
NASA TN D-2570, January 1965 
2. Carlson, Harry W . ,  and Middleton, Wilbur D.: A Numerical Method f o r  the Design 
of Camber Surfaces of Supersonic Wings With Arbi t rary Planforms. 
June 1964 
NASA TN D-2341, 
3. Carlson, Harry W . :  Aerodynamic Character is t ics  a t  Mach Number 2.05 of a Ser ies  
of Highly Swept Arrow Wings Employing Various Degrees of Twist and Camber. 
NASA TM X-332, 1960 













d 2 3  
R 
























" 0  
Figure 3 .  - Effect 
A = 70'; M = 2.05 
-01 EXPERIMENT 
0 .08 .16 
C 
L~~~ I GN 
of wing warp on maximum L/D and ze ro - l i f t  pitching moment. 
1 El I 
I v) 
k 








[ (L' IM] 
UNSTABLE STABLE 
Figure 5.- Interference considerations. 
B - FAVORABLE INTERFERENCE, UNREFLEXED-WING CASE 
- - A- 
M A X  
[(L' D, TR I M] 
0 UNSTABLE 0 STABLE 
cL 
Figure 6.-  Interference considerations.  
















x x  w w  
2 2  
LLLL 
w w  
e e  
+ +  
w w w  
0 0 0  z z z  



















d g  0 0 d 
0 0  0 
30 
0 




















0 rs ,r? 




A 4  
I-I- 
- -  
a a  
> >  
+ +  
>-> nn 
0 0  
M M  
+ +  
b - -  3 3  
h 
' I  I 
I i i i  
I 
o o o a  
Y 
n 
0 
0 
NASA-Langley, 1965 
